Objective. To assess cognitive development and learning in children who have had strokes. Method. Twenty-nine stroke patients and 18 children with no brain lesions and no learning impairments were evaluated. For the cognitive assessment, Piaget's clinical method was used. Writing, arithmetic, and reading abilities were assessed by the school performance test. Results. The mean age at evaluation was 9.6 years. Among the 29 children, 20 had early lesions (mean of 2.4 years old). The stroke was ischemic in 18 subjects; there were 7 cases of recurrence. Six children could not answer the tests. A high index of cognitive delay and low performance in writing, arithmetic, and reading were verified. Comparison with the control group revealed that the children who have had strokes had significantly lower performances. Conclusion. In this sample, strokes impaired cognitive development and learning. It is important that children have access to educational support and cognitive rehabilitation after injury. These approaches may minimise the effects of strokes on learning in children.
Introduction
A childhood stroke is defined as a cerebrovascular event that occurs between 29 days and 18 years of age [1] . Its incidence varies from 2.3 to 13/100,000 children/year [2] [3] [4] [5] [6] [7] [8] [9] . Although it is considered rare, the childhood stroke is among the ten main causes of death. Around 5% to 10% of the patients die, mostly in the first year of life [1, 10] . In general, children who survive strokes will live with sequelae for the rest of their lives, and these conditions may cause impairments in other aspects of their personal and familiar lives.
Over the last decade, research investigating the cognitive evolution of children [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] has shown that the learning also deserves special attention. In regard to school-based learning, there is evidence that these children need specialised educational assistance (at regular schools or other special education institutions) and are more likely to have school failures [13, 14, [21] [22] [23] [24] . However, data are scarce, which justifies the development of new studies in this area. The main objective of this study was to investigate cognitive development and the writing, arithmetic, and reading abilities in children who have had strokes.
Method
The present study was submitted to and approved by the Ethics Research Committee of the State University of Campinas Medical Sciences Faculty (Process no. 638/2003). Parents were informed about the research content and gave signed consent.
Participants.
Children ranging in age from zero to fifteen years old are followed at the Childhood and Adolescence Cerebrovascular Disease Research Outpatient Unit of the Clinics Hospital (HC), State University of Campinas (Unicamp). Patients of 15 years old or younger who had been treated for ischemic or hemorrhagic strokes were included in this study. Diagnosis was made through clinical, laboratory, and neuroimaging examinations. Patients who have had strokes caused by hypoxic-ischemic encephalopathy, head trauma and Down syndrome were excluded. The group of children who had strokes was labelled the experimental group (EG).
A control group (CG) was composed of subjects similar in age and gender to the EG. The children of this group attended public schools in the Campinas, São Paulo (Brazil) region, had no history of cerebral lesion and had no learning problems according to their teachers. The evaluation of all children was done individually in an appropriate room, free from outside interferences. The EG was assessed at HC/Unicamp and the CG at the school they attended.
Cognition Functioning.
The cognitive development was evaluated through Piaget's clinical method [25] . Five conservation tasks (number, mass, continuous quantity, weight, and volume), two tests on object classification, and one test on object seriation were used. The following criteria were used for grading the tests: 1 point for correct responses, 0.5 points for partial correct responses, and 0 points for incorrect responses. Figure 1 describes the scores expected in relation to age.
The total score obtained by the child was compared to the total score expected for chronological age. The final classification of cognitive development complied with the following criteria: an adequate level if the score was equal to or higher than the expected score for the child's age; mild delay if the score was up to two points below the expected score; severe delay if the score was between 7 and 8 points below the expected score.
To evaluate writing, arithmetic, and reading performances, the school performance test [26] , which is a developed and standardised tool for the Brazilian population, was used.
The data were analysed and compared. Statistical analysis was conducted through the SAS System for Windows (version 8.02) and SPSS for Windows (version 10.0.5) programmes. The significance level adopted was P < .05.
Results

Baseline
Characteristics. There were 13 girls and 16 boys. Eighteen patients had ischemic strokes, and 11 had haemorrhagic strokes. The mean age at stroke onset was 2.4 years old (range of 1 month to 10 years old) with a median age of 1.66 years old. Twenty patients had early strokes (occurred in the time from birth up to the second year of life), and there were 7 cases of recurrence. Most of the lesions were seen in the right hemisphere, and 13 patients had cortical and subcortical lesions. The mean age of the patients at assessment was 9.6 years old (range of 7 to 12 years old), with a median age of 10 years and 1 month old ( Table 1 ). The mean follow-up time of the EG was 7.6 years (range of 4 months to 12 years), with a median of 7 years.
At followup, neurological examination showed no dysfunction at all in 3 children (of the 29 examined). All physical sequelae are listed in Table 2 .
Educational Aspects.
Six patients of the EG demonstrated severe neurological impairment. For this reason, they were not capable of performing the proposed tasks. Five of these patients attended a specialised educational institution. The only child who attended a regular school was too impaired cognitively to acquire elementary learning (such as acknowledging colours). In Table 3 , the school data for the other 23 children are listed.
It is important to highlight that despite a policy of continuous progression in regular education in Brazil, 14 out of the 23 children were held back (in relation to age and school year) ( Table 3 ). All of the CG children were attending public regular schools and did not experience school delays. (Figure 1 ). The stroke type (ischemic or haemorrhagic), injured hemisphere (right, left, or bilateral), and recurrent stroke (occurred or did not occur) were not determinant factors for the best or worst performance of the EG children on operation tasks.
In the CG, 11 children had adequate performance. The other children (12/23) had a mild delay (Figure 2) . The comparison between the CG and the EG showed that the performances of children who had strokes were significantly inferior to those of the control (P = .000, Mann-Whitney's test). Data analysis of the SPT showed that most of them had weaker performances in writing (9/18), arithmetic (12/18) and reading (10/18), (Figures 3 and 4) .
In this sample, there was no relationship between the stroke type (ischemic or haemorrhagic), injured hemisphere and recurrent stroke (occurred or did not occur) and the writing, arithmetic, and reading subtest performances. However, there was a positive relationship between vascular injury at an early age and weaker performance on the test. Among the 10 children who had early strokes, six had impaired performances on the three subtests (writing, arithmetic, and reading). The hypothesis that stroke might have negatively influenced writing, arithmetic and reading abilities was strengthened when the results were compared to those from the CG. The children who had strokes had performances significantly inferior (Mann-Whitney test) compared to those of the CG ( Figure 5 ).
Discussion
This study aimed to understand cognitive development and learning in children who had strokes. In a previous study [17] , cognitive delay was already observed in 15 children with ischemic stroke when they were compared to other children of the same gender and age. In the present study, an increase in the sample size and the inclusion of children with haemorrhagic stroke added important data that can be highlighted.
Among the children who were able to perform the tests, half of them demonstrated severe or moderate delays on Piaget's operation tasks, and most of them had inferior outcomes on the tests that assessed basic writing, arithmetic, and reading abilities. Furthermore, comparison with the control group revealed the significantly inferior performance of children with cerebrovascular disease. The consequences of poor performance were evident when educational aspects were analysed. Among the patients who attended regular schools, most showed learning disabilities and had repeated histories of school failure. This evidence has also been reported in other researchs [13, 14, [21] [22] [23] [24] . The stroke type and affected hemisphere were not determinants for the impaired performances of the children in this study. However, there was a positive relationship between the Stroke Research and Treatment onset of cerebrovascular injury and inferior performances on the tests. Among the 29 children in the study, 20 had strokes in the time from birth up to the second year of life. Among these 20 children, 6 had cognitive impairments severe enough to exclude them from the assessment group for not responding to the tests. Another 5 children could not respond to the school performance test [26] . From the 9 patients who accomplished this test, most of them had low performances in writing, arithmetic, and reading.
Some authors have also drawn attention to the relationship between early stroke and impaired cognitive evolution [14, 21, 23, 27] . The first years of life are part of the most dynamic period for brain development. Lesions that occur in this period produce more severe impairments because they interfere with the reorganisation of the development of superior mental functions [23] .
It is very important to emphasise that language is fundamental to the development of higher cortical functions. A large capacity for brain reorganisation is identified in early brain injury. Thus, adaptive plasticity is evident in the early stage of development. However, pathological plasticity (or maladaptive plasticity) could also occur, leading to a decrease in verbal and nonverbal skills and neuropsychological morbidity. After the first year of life, brain reorganisation is more limited but is more organised and is less likely to produce secondary sequelae [28] . Thus, children with cerebrovascular injury in later life would have less involvement in learning. This was confirmed in this study.
The concept of functional hierarchy [29] can also explain why children who have lesions at an early development stage have increasingly worse cognitive impairments. Initially, the primary zones of the brain that receive unimodal stimuli are fully active. In the case of primary zone lesion, there might be impairment in the development of multimodal areas (secondary and tertiary) due to a trophic stimulus deficit from sensorimotor activities [30] . Children who have had strokes generally have good motor development. Despite the hemiparesis, patients walk independently (with or without ortheses or other assistive devices). However, performance in other areas, such as daily life activities, communication, and socialisation, is less adequate in these patients [21] . Seizures that occurred after onset were also important because studies show that this clinical condition is related to cognitive impairment [13, 14, 18] . In this sample, 15 children had seizures, which corroborates the data reported by other studies.
Conclusions
Since the last decade, several studies have shown that childhood stroke can impair learning in children. This was evidenced in the present study.
Our data have shown that childhood stroke can impair cognitive development and learning in children. The lesion onset age seems to be an important factor for cognitive function development. Therefore, special attention must be given to patients who have had strokes in the initial developmental stage. Early cognitive rehabilitation might minimise the effects of the injury and provide a better quality of life for the children and their families.
